A zinc protein has been isolated and purified to apparent homogeneity from subjects with normal taste acuity by gel filtration and ion-exchange chromatography. The protein has a molecular weight of 37,000 and does not appear to have subunits. It is composed of 8% histidine residues and has 2 moles of zinc per mole of protein.
Saliva plays an important role in taste, although its function has not yet been fully elucidated. Patients with xerostomia (decreased or absent saliva) exhibit hypogeusia (decreased taste acuity), which can be correlated with pathological changes in taste bud anatomy (1) . Hypogeusia has also been observed in rats in which salivary glands have been extirpated (2) . Oral administration of water or saline, with or without other electrolytes, failed to restore taste function toward normal in patients with xerostomia (1); however, treatment with agents that restore salivary function to normal resulted not only in recovery of normal taste acuity but also the reappearance of normal taste buds (1) . Patients with hypogeusia of various etiologies in whom salivary flow -rates are normal show pathological changes in taste buds that are similar to those observed in patients with xerostomia (3, 4) .
Zinc plays an important role in taste perception (3) (4) (5) (6) (7) . Some patients with hypogeusia exhibit lower than normal concentrations of zinc in serum (4, 5) and in parotid saliva (8, 9) . Administration of zinc to some patients with hypogeusia has normalized serum and parotid zinc levels, taste perception, and taste bud anatomy (3) (4) (5) (6) (7) . Zinc has also been identified by laser microprobe studies at or near the taste bud in rat circumvallate papilla (5) . Although these results suggest a role for zinc in taste, its function has not yet been elaborated.
Many factors influence taste and may relate to the unique properties of taste buds. First, taste buds do not contain blood vessels or lymphatic channels (4) . Second, although their cellular components turn over rapidly (4, 10) , mitotic figures are only rarely observed in taste bud cells (4) . Third, new cells apparently migrate into the taste bud from the areas surrounding it, differentiating into specific taste cells within the bud, under neural, salivary, and perhaps other influences (4) . Thus, the manner by which taste buds develop and are nourished has not yet been clearly resolved.
From these physiological, anatomical, and clinical observations of taste perception and taste bud development and from the knowledge that zinc is commonly found associated with a protein in biological fluids, we hypothesized that a zinc protein was a constituent of normal parotid saliva and that its function was related to the growth and nutrition of tasfe buds. In order to test the first of these two hypotheses, we sought to find a zinc protein in parotid saliva in subjects with normal taste acuity. In this paper we report on the isolation and chemical properties of a zinc protein that has been purified to apparent homogeneity from human parotid saliva.
MATERIALS AND METHODS
To collect saliva, plastic Lashley cups were placed over Stenson's ducts and salivary flow was stimulated; 100-300 ml of whole parotid saliva was collected from subjects with normal taste acuity. Saliva was lyophilized in acid-washed glass flasks. When needed, the dry product was dissolved in 5 ml of zinc-free distilled water (11) and allowed to stand in ice for [1] [2] [3] (4, 8, 9) ; blood was also collected. Zinc concentrations were determined in both fluids (8, 9, 11) .
Water, reagents, and glassware used in all studies were demonstrated to be zinc-free as measured by atomic absorption spectrophotometry (11) . Dialysis Polyacrylamide gel electrophoresis was performed in continuous buffer systems as described by Hjerten (14) . Protein was stained with Coomassie brilliant blue R 250 (15) .
Neutral sugar content of the purified protein was determined by the phenol sulfuric acid method (16) , with galactose as a standard.
RESULTS Chromatography
Sephadex G-150 Column. The lyophilized parotid saliva dissolved in 0.10 M phosphate buffer (pH 6.8) (about 800 mg of protein) was applied on a Sephadex G-150 column (2.5 X 90-cm) which was equilibrated with 0.10 MI phosphate buffer (pH 6.8). Elution with the same buffer gave the patterns shown in Fig. 1 *. Elution profiles obtained by the three methods of protein analysis are quite distinct since different protein properties are measured by each technique (see M1aterials andAlMethods). The A215 absorbance profile was divided into six major fractions, which are labeled I to VI in Fig. 1 . A more comprehensive description of total fractionation of the non-zinc-containing proteins of saliva will be presented elsewhere. Fraction I appeared in the solvent front and although highly fluorescent, showed very little zv215 absorbance. Fraction II was divided into two parts (A, tubes 35-39; B, tubes 40-45), since the protein in the first part (IIA) contained a much higher Zn/zA215 ratio than that in the second part (JIB3). Fraction IIA was lyophilized; when needed it was dissolved in 5 ml of zinc-free water and dialyzed overnight against 0.01 1\I phosphate buffer (pH 6.8).
* This parotid saliva came from a woman from whom collections were obtained on 24 separate occasions. Saliva from about twothirds of these collections were eluted on the same Sephadex G-150 column, and the major features of the patterns shown in Fig. 1 were reproduced. The basic features of this pattern were observed in the saliva obtained from other subjects with normal taste acuity, although some differences existed. In other subjects with normal taste acuity the zinc was distributed over a wider range, frequently extending into fraction III. in the tubes selected from the specific column compared to the amount of absorbance (z215) in the original, whole parotid saliva.
t The second zinc peak was used to avoid the overlap with the strong A215 peak preceding the zinc peaks.
DEAE-A50-Sephadex Column. The dialyzed solution of fraction IIA (about 130 mg of protein collected from four Sephadex G-150 column runs) was placed on a DEAE-A50-Sephadex column (1.5 X 24-cm) equilibrated with the same buffer. Tubes 1-40 were obtained by elution with the equilibration buffer (Fig. 2) , whereas tubes 41-120 resulted from the linear gradient of NaCl (0-0.5 M) in the same buffer. The major separation of the A215 absorbance peak from the zinc, fluorescence, and 280 nm absorbance peaks occurs before the NaCl gradient was started. Three zinc peaks (two major and one minor) were resolved that resembled each other rather closely since the ratio of Zn/280 nm/fluorescence in each peak was similar. Elution with the NaCl gradient resolved two additional zinc peaks, representing about 30% of the zinc on the column; however, the zinc/protein ratios of these peaks were lower than those obtained with the buffer alone, and they were not used in subsequent analyses. The contents of tubes (Fig. 2) were pooled and lyophilited. The product was dissolved in water and dialyzed for 24 hr against 5 mM phosphate buffer (pH 5.9).
CMI-Cellulose Column. The dialyzed solution of tubes (about 10 mg of protein) was placed on a CM-cellulose column (1.5 X 12-cm) equilibrated with 5 mM phosphate buffer (pH 5.9). Tubes 1-86 were obtained by elution with buffer alone, whereas tubes 87-240 resulted from a linear gradient of NaCl (0-0.30 M) in 5 mAM phosphate buffer (pH 5.9) (Fig. 3) . Two There is obviously a great disparity in the A215/280 nm absorbance ratio of many of the proteins. The value used to calculate the specific activity of the starting solution was the zinc concentration and the A215 absorbance of the whole parotid saliva. The results indicate that a 200-fold purification of the zinc protein (Table 1) was accomplished by the three chromatographic procedures. Yields were necessarily low since they were sacrificed for purity in selecting only tubes with the highest zinc/protein ratios from the Sephadex G-150 column for use in the further purification on the DEAE-A50-Sephadex columns.
Molecular characterization
Polyacrylamide Gel Electrophoresis. Electrophoresis of the purified parotid zinc protein at pH 7.2 in 0.05 M phosphate buffer (Fig. 4, gel C) revealed one broad band, while at pH 8.9 in 0.05 M Tris, 0.05 M glycine buffer (Fig. 4, gel B) one major band and about eight more slowly migrating minor components were observed. Electrophoresis at pH 7.2 in 0.1 % sodium dodecyl sulfate (NaDodSO4), 0.1 M sodium phosphate (Fig. 4 , gel Al) showed one major band and one faint, more slowly migrating band. The molecular weights of major and minor components in NaDodSO4 gel, determined by comparison with appropriate standards, were 44,000 and 84,000, respectively. After reduction with 2-mercaptoethanol (Fig. 4 , gel A2), electrophoresis in NaDodSO4 showed no significant change in the migration of the major band although some diffuse staining was evident on either side of the major band. The presence of one predominant band at pH 7.2 in either aqueous or NaDodSO4 solutions, and the pattern of the minor bands observed at pH 8.9 suggest these minor bands are polymers of the native protein, as observed frequently with serum albumin.
Sedimentation Equilibrium. The molecular weight of the purified zinc protein was measured by sedimentation equilibrium in 0.1 M phosphate buffer (pH 6.8). No difference in molecular weight was found between 72 and 96 hr of centrifugation at 28,000 rpm at 250. A linear dependence of In c against R2 was observed (Fig. 5) . From the slope of the line a molecular weight of 37,000 was calculated by the Svedberg equation when 0.723 was used for the partial specific volume (v) computed from the amino-acid composition.
Equilibrium centrifugation in 6.0 M guanidium. HCl also showed a linear dependence of In c against R2 and gave a molecular weight of 35,000 with an assumed v of 0.720.
Since v differs slightly in 6.0 M guanidinium -HCO and in water with some proteins, there is an uncertainty in the calculated molecular weight (17) . However, this molecule does not dissociate in the presence of guanidinium. HCl.
Zinc Content. Determination of the number of moles of zinc per mole of protein at two protein concentrations (see Materials and Methods) gave a ratio of 2.1 2% (mean + standard deviation) and 2.2 i 2% when the protein concentration was determined at 210 nm and 205 nm, respectively, and a molecular weight of 37,000 was used.
Composition. The amino-acid composition of the purified zinc protein is shown in Table 2 . The protein contains a rather large amount of histidine, representing more than 8% of the residues. No carbohydrate was detected in the purified zinc protein.
Zinc levels in blood and parotid saliva in man Both serum and parotid zinc concentrations in subjects with normal taste acuity were higher than in patients with hypo- geusia (Table 3 ). In normal subjects the ratio of parotid zinc to serum zinc is 0.5 X 10-1, whereas in patients with hypogeusia this ratio is significantly lower, 0.1 X 10-s. A more lprofound decrease of zinc occurred in saliva than in serum (Table 3) .
DISCUSSION
The the ratio of zinc to any of the three protein parameters was constant across the peak, and (c) the linearity of the plot of In c against R2 in sedimentation equilibrium experiments. It should be noted that the single, major zinc peak resolved on the CM-cellulose column was derived from the three different zinc peaks observed in the DEAE-A50-Sephadex column. However, gel electrophoresis of each of these peaks from the DEAE-ASO-Sephadex column in 0.10 M NaDodSO4, 0.10 M phosphate, pH 7.2, gave identical patterns with one major band. The differences in elution volumes of these peaks could represent minor differences in the degree of amidation of the aspartic and glutamic acid residues since the peaks were resolved on DEAE-Sephadex but not on CM-cellulose columns. A minor protein peak (tubes 160-189) was also eluted from the CM-cellulose column just ahead of the major zinc protein. The ratios of zinc to the various protein parameters in this minor peak differed from that of the major peak.
The chemical and molecular characteristics of this protein do not closely resemble those of any other zinc protein previously described (18) .
Results of physiological studies also indicate the presence of the zinc protein in parotid saliva. After intravenous injection of 65Zn to the woman in whom 24 parotid saliva samples were collected (see iliaterials and Methods), OZn appeared in the parotid saliva within 20 min and continued to rise for 6-8 hr while the blood level was rapidly falling, before leveling off. Fractionation of this saliva on the Sephadex G-150 column revealed a 65Zn peak that coincided with that of fraction II, and the ratio of OZn to unlabeled zinc was constant across fraction 11A. This same result was obtained in 15 separate studies from saliva collected from this patient over a period of 4 months. These results suggest that zinc is rapidly incorporated into the zinc protein in vivo. The function of the parotid zinc protein in taste is not clearly established. However, its taste function is suggested by lower than normal levels of salivary zinc found in patients with hypogeusia (8, 9) and by demonstration of significantly lower values of Zn/A215 in fraction II in patients with hypogeusia (8 4 1, mean i 1 SEM) compared to normal subjects (25 i 3) when chromatographed on Sephadex G-150.
This zinc-containing protein has unique chemical and molecular characteristics. Since this protein appears to be related to the taste process, we suggest that it be called gustin.
